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Specification 

1. Title of the Invention 

Etching method for multilayer interlayer insulating film 

2. Scope of Claims 

1) In a method for forming a through hole in an insulating layer electrically 
separating a multilayer wiring, an etching method for a multilayer interlayer insulating 
film is characterized in that a through hole is formed by the following steps: 
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forming a composite insulating film that contains an SiN film and an organic 
film over a semiconductor substrate on which a lower layer wiring is formed; 

forming an aperture in the organic film by dry etching in an atmosphere that 
contains O2; 

forming an aperture in the SiN film by anisotropic etching in a mixed gas 
atmosphere that contains CHF 3 and O2, where the organic film is used as a mask; and 

making an aperture wall in the composite insulating film recede in the mixed 
gas atmosphere that contains CHF 3 and 0 2 , where the concentration of 0 2 is set to be 
high by conditions for etching of the SiN film. 

2) The etching method for a multilayer interlayer insulating film according to 
Claim 1, wherein the organic film is a polyimide film, and the concentration of 0 2 in the 
CHF3 and 0 2 mixed gas used for anisotropic etching of the polyimide film is set so as to 
be approximately 10% to 30%. 
3. Detailed Description of the Invention 
<Field of Industrial Application> 

The present invention relates to a manufacturing method for a semiconductor 
device. In particular, the present invention relates to formation of a through hole that 
connects an upper layer wiring and a lower layer wiring of a multilayer wiring together. 
<Prior Art> 

Along with making semiconductor devices more high-density, making 
electrode wirings be multilayer and making pattern widths finer is being demanded. 

In order to respond to this kind of state, formation methods for a multilayer 
interlayer insulating film are being diversified, as well For this kind of insulating film, 
for a process (flattening, making more fine) or device characteristics, a composite layer 
in which a plurality of various kinds of insulating films are stacked together is often 
used. For example, for recent devices, a two-layer structure in which a P-SiN film 
formed by a plasma CVD method and a polyimide film are stacked together is often 
used for an interlayer insulating film. For main characteristics of this kind of 
composite film, the following and the like can be given: (1) By use of a PSiN film as a 
lower layer, moisture and impurities within a film, due to absorption of moisture by the 

2/8 



English Translation of JPH4-155834 



polyimide film, penetrating into a silicon substrate can be prevented. (2) The number 
of adverse effects such as surface inversion of the silicon substrate by polarization of the 
polyimide film and the threshold voltage of a MOS transistor being changed can be 
reduced. (3) Poor step coverage, formation of cracks, and the like of the P-SiN film 
are flattened by the upper layer polyimide film, and reliability of the interlayer 
insulating film can be made even more complete. 

For a formation method of a through hole for this kind of stacked-layer 
composite film, an aperture is formed in the upper layer polyimide film by wet etching 
(hydrazine solution or alkali developer), dry etching, use of a photosensitive polyimide, 
or the like. 

On the other hand, for the lower layer P-SiN film, an aperture is formed by a 
dry etching process; however, when etching is performed on the composite film, the 
polyimide film tends to become an overhang structure with respect to the P-SiN film, in 
an interface of the polyimide film and the P-SiN film. In FIG. 2, an example of the 
overhang structure is shown. 

In the same drawing, in a P-SiN film 2 and a polyimide film 3 stacked on a 
lower layer wiring 1, an aperture is formed with a photoresist 4 used as a mask; however, 
the area of the aperture in the P-SiN film 2 is larger than the area of the aperture in the 
polyimide film 3, and an overhang structure is formed. 

For this kind of case, if an upper layer wiring 5 is deposited over an aperture 
portion, there are cases where, as shown in FIG. 3, a portion that becomes shaded by the 
protruded polyimide film 2 is formed, step coverage becomes extremely poor, and 
disconnect occurs. This problem has been handled in the following ways: as shown in 
FIG 4, after the upper layer polyimide film 3 is etched, the lower layer P-SiN film is 
etched by anisotropic etching; as shown in FIG 5, in order that the area of the aperture 
in the P-SiN film 2 of the lower layer be smaller than the area of the aperture in the 
polyimide film 3 of the upper layer, after an aperture is once formed with a mask 
material that is deposited over the P-SiN film 2 and the mask material 4 is removed, the 
polyimide film 2 of the upper layer is deposited thereover and an aperture is formed, 
and then, either a mask material is formed over each film and etching is performed or, in 
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order to prevent the formation of overhang structure, after the polyimide film 3 and the 
P-SiN film 2 are etched, etching is performed again on the polyimide film 3 of the upper 
layer; and, as shown in FIG. 6, the taper angle of the polyimide film 3 of the upper layer 
is controlled by the taper angle of the mask material 4 and the selection ratio (etch rate 
ratio) of the mask material 4 and the polyimide film 3, and, furthermore, the taper angle 
of the P-SiN film of the lower layer is controlled by the taper angle of the polyimide 
film 3 of the upper layer and the selection ratio of the polyimide film 3 of the upper 
layer and the P-SiN film 2 of the lower layer, and an aperture that has excellent step 
coverage is formed by RIE. 
<Problems to be Solved by the Invention> 

In the aforementioned conventional process, as shown in FIG. 4, in the method 
in which the P-SiN film 2 is etched by anisotropic etching, even if anisotropy is 
complete and anisotropy is achieved, due to an increase in the aspect ratio (ratio of the 
depth to the width of the aperture portion) along with miniaturization in recent years, 
step coverage of wiring materials becomes poorer. 

As shown in FIG 5, in the method in which forming a mask and etching are 
performed twice, the steps are complicated, accuracy in alignment whenever a mask is 
formed is required, and the dimensions of the aperture portion increase. In addition, if 
there is any misalignment when a mask is formed, cases where the dimensions of the 
actual aperture portion become too small and cases where electrical conduction 
becomes unable to be secured occur, as well. Furthermore, in a method for prevention 
of formation of an overhang structure, where only the polyimide film 3 of the top layer 
is etched after the aperture is once formed, the P-SiN film 2 of the lower layer is placed 
in an overhang state. For this reason, there arises a need that the amount of recession 
by the polyimide film 3 of the upper layer only is adequate, and the dimensions of the 
aperture increase. 

Moreover, as shown in FIG 6, in the method for controlling the taper angle of 
an aperture portion by the taper angles of the mask material 4 and the upper layer 
polyimide film 3 and the selection ratios between the mask material and insulating film 
and between the insulating films themselves, due to changes in the ratio of the etching 
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area and changes in the film quality of the insulating films themselves, controllability of 

the taper angle worsens. 

Furthermore, because etching is performed with the taper angle being 

considered from the start, the amount of recession due to overetching increases, and the 
5 dimensions of the aperture portion increase. Additionally, up to an optimal amount of 

etching, even if a good taper is formed, there is a lot of instability, such as that the taper 

ultimately comes to be in a perpendicular state or the like due to overetching. 

The present invention is made in consideration of the problems in the 

aforementioned conventional method. By the present invention, an etching method by 
10 which the level of miniaturization of the dimensions of the aperture and step coverage 

of the wiring material are made to be adequate is provided, 

<Means for Solving the Problems> 

In a method for formation of a through hole to connect wirings of an upper 

layer and a lower layer in a semiconductor device in which a plurality of different kinds 
15 of interlayer insulating films are stacked between the wirings of the upper layer and the 

lower layer, after a polyimide film of the upper layer is etched, a P-SiN film of the 

lower layer is etched by anisotropic etching with a gas mixture of CHF 3 and O2, in the 

gas mixture of CHF 3 and O2, and under etching conditions that differ from those of the 

P-SiN film, the wall surface on the aperture side of the polyimide film and the upper 
20 edge of the aperture of the P-SiN film are made to recede at the same time, and a 

through hole that is tapered is formed. 

<Embodiment> 

FIGS. 1(a) to l(f [sic]) are cross-sectional-view diagrams of a semiconductor 
substrate used to describe a first embodiment of the present invention. In particular, 
25 steps from a step in which patterning of a mask material is performed after a photoresist 
is deposited over an insulating film of two stacked layers through an etching step and a 
step for deposition of wiring materials are shown. 

In FIG. 1(a), the P-SiN film 2 is formed over a lower layer wiring 1 by a CVD 
plasma technique and the polyimide film 3 is subsequently formed thereover to be set as 
30 a two-layer composite interlayer insulating film* Next, in order to form an aperture in 
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a desired location in the composite interlayer insulating film, a photoresist 4 is applied 
over the upper layer insulating film 3, and this is formed into a predetermined pattern. 
Here, by selection of conditions such as exposure, development, baking, and the like, 
the taper angle of the photoresist 4 was set to be approximately 80°. 

5 Next, as shown in FIG 1(b), in order to etch the polyimide film 3 exposed by 

the aperture portion of the photoresist, first, an aperture is formed in the polyimide film 
3 by reactive ion etching (RIE), with 0 2 as the main component. Subsequently, as 
shown in FIG 1(c), by use of a gas mixture of CHF 3 and 0 2 , anisotropic etching is 
performed in a parallel plate dry etching apparatus. Here, for the etching conditions, 

10 conditions configured based on the experimental results shown in FIG 7 to FIG 9 are 
implemented. More specifically, for conditions by which the P-SiN film 2 with a 
perfectly anisotropic shape is obtained, in the gas mixture of CHF 3 and G 2 , the mixture 
fraction of 0 2 is set to be from 10% to 30% (FIG 7), preferably, approximately 20%; 
the gas pressure is set to be about 0.03 Torr to €U Torr (FIG 8); and the high frequency 

15 power density is set to be greater than or equal to 0.2 w/cm" (FIG 9). By the 
conditions being set to the aforementioned anisotropic etching conditions, a favorably 
etched shape with a nearly perpendicular sidewall was obtained. It is to be noted that 
variations in etching speed depending on the film quality of the P~SiN film 2 can be 
seen; however, the shape is extremely stable, and it was determined that, after etching 

20 was performed, overetching of up to 50% at maximum further took place but no 
overhang structure was formed, and step management performed at the time of 
manufacture becomes easy to do. 

Subsequently, on a semiconductor substrate on which the P-SiN film 2 was 
etched to be perfectly anisotropic, as shown in FIG 1(d), etching was performed again 

25 using the gas mixture of CHF 3 and 0 2 . However, in order that the level of coverage be 
increased in this step without any detriment to the level of miniaturization, the etching 
conditions are set to be conditions that differ from those used for the perfect anisotropic 
etching. That is, etching was performed with the mixture fraction of 0 2 at 
approximately 50% (FIG 7), the gas pressure at 0.05 Torr (FIG 8), and the high 

30 frequency power density at greater than or equal to 0.2 w/cm (FIG 9). By 
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performance of etching under the above etching conditions, while side surfaces of the 
polyimide film 3 are etched and a lower edge of the aperture of the P-SiN film 2 
roughly maintains a perpendicular state, the upper edge portion recedes and a good 
taper is formed. 

In FIG 1(e), with respect to the semiconductor substrate obtained by 
completion of the above step, over a surface from which the photoresist 4 is removed, 
for example, the upper layer wiring 5 formed from Al-Si is deposited and electrically 
connected to the lower layer wiring 1 that is exposed by the aperture portion. By the 
above step, in a through hole portion, a taper that is nearly continuous from the 
sidewalls of the polyimide film 3 to the upper edge portion of the sidewalls of the P-SiN 
film 2 can be formed, step coverage of the upper layer wiring 5 can be dramatically 
improved, an upper layer wiring that has an extremely superior level of coverage can be 
acquired, and a extremely stable connection can be obtained. 

It was confirmed that there were hardly any effects on contact resistance or 
effects such as damage and the like on the characteristics of a semiconductor circuit 
element by the above etching step. 

In addition, because a perpendicular side wall of the P-SiN film is formed at 
the base of the aperture by the etching steps of the present embodiment, a minute 
aperture can be formed, and despite the fact that the aperture is minute, an improvement 
in step coverage can be obtained, and further, processing can be performed 
consecutively in the same reactive ion etching apparatus, and a reduction in the number 
of steps can be obtained. 
<Advantageous Effects of the Invention> 

As described above, by the present invention, by a one-time formation of a 
mask, a desired taper can be attached to a sidewall, step coverage of a wiring material 
can be improved, and continuous etching of a composite film can be performed with no 
generation of overhang in the aperture portion. Furthermore, because microfabrication 
in anisotropic etching is used for the lower layer insulating film of the composite film, 
even with overetching, which is needed to eliminate variations due to non-uniformity in 
film quality and the like between wafers whenever a number of semiconductor devices 
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(wafers) are processed simultaneously, the amount of increase in the dimensions of the 
aperture portion is extremely small, and a high density semiconductor integrated circuit 
can be manufactured. Furthermore, an aperture that is resistant to changes in the size 
of the etching area and changes in the film quality of the P-SiN film itself and that has a 
high level of reproducibility can be obtained. 
4. Brief Description of the Drawings 

FIGS. 1(a) to 1(e) are cross-sectional-view drawings of a semiconductor 
substrate used to describe an embodiment of the present invention. FIG. 2 is a 
cross-sectional-view drawing of a two-layer insulating film that has overhang. FIG. 3 
is a cross-sectional-view drawing of a semiconductor in which a wiring material is 
deposited over the two-layer insulating film that has overhang. FIG. 4 is a 
cross-sectional-view drawing of a semiconductor in which anisotropic etching is 
performed on a P-SiN film that is a lower layer of the two-layer insulating film. FIG. 5 
is a cross-sectional-view drawing of a semiconductor used to explain a conventional 
method for prevention of an overhang structure of a semiconductor that includes the 
two-layer insulating film. FIG 6 is a cross-sectional- view drawing of a semiconductor 
in which a taper angle of an aperture portion is controlled by the selection ratio of an 
etching process. Each of FIG. 7 to FIG 9 is a measurement graph used as a guide for 
etching conditions of the present invention. 

1: lower layer wiring, 2: P-SiN film, 3: polyimide film, 4: mask material, and 5: upper 
layer wiring. 

Agent: Patent Attorney, Masaru UMEDA(and two others). 
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